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Abstract 

Celh within the synovial tisane may recruit mononuclear phago- 
cytes into the synovial fluid and rissves of arthritic patients. We 
Investigated the production of the chemotactic cytokine atono- 
cytecfcenmattractant protein-1 (MCP-1) using sera, synovial 
Arid, synovial tissue, as well as nrcrophages and fibroblasts 
isolated from synovial tissues from 80 atthritk patieata. MCP- 
1 levels were atgnfflcantiy higher (P < QM) in synovial Add 
frm RA patients (mean 25_5±8.1 ng/ml [SEJ) compared to 
synovml fluid from osteoarthritis (OA) patients (0-92 ±0.08), 
or from patients with other artfaritides (2.9*1.5). MCP-1 lev- 
els Id SA sera (8 .44 ±233) were significantly greater than 
MCP-1 in normal sera (0>16±0.O6). The qaaatities of RA syno- 
dal fluid IL-8, which b chemotactk for neutrophils and lym- 
phocytes, and MCP-1 were strongly positively correlated {P 
<Oj05). Te examine the ceflnlar source of MCP-1, RA syno- 
vial tissoe nmcrophages and fibroblasts were isolated. Syaovul 
tissue fibroblasts did not express MCP-1 mKNA, but could be 
induced to produce MCP-1 by stimulation with either IL-10, 
tumor necrosis factor-alpha (TNF-a), or LPS. In contrast, un- 
tie norma] peripheral blood monocytes or alveolar macro- 
phages, RA synovial tissue macrophages constitutive^ ex- 
pressed MCP-1 mRNA and antigen. Immnnohistochemlcal 
analysis of synovial tissue showed that a significantly greater 
percentage of RA nuKrophages (50 ±8%) as compared to either 
OA macrophages (5±2) or normal nuKropoages (1±0J) 
reacted with anti-MCP-1 antibodies. In addition, the synovial 
lining layer reacted with MCP-1 in both RA and OA synovial 
tissues. In contrast, only a minority of synovial fibroblasts 
(18±8%) from RA synovium were positive for Inunanolocahza- 
tion of MCP-1. These results suggest that synovial production 
of MCP-1 may play an important role m the recruitment of 
mononuclear phagocytes during inflammation associated with 
RA and that synovial tissue macrophages are the dominant 
source of this cytokine. {J, Clin* Invest. 1992. 90:772-779.) 
Key words: mononnciear phagocytes • chemotaxis • cytokine • 
synovium • synovial fluid 

Introduction 

Synovial tissue macrophages are important in mediating RA 
joint destruction, mainly due to their ability to process antigen 
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and release a variety of cytokines, including IL-1, -6, S t trans- 
forming growth factor-beta, tumor necrosis factor-a (TNF- 
a), 1 and the colony-stimulating factors, macrophage colony- 
stimulating factor-! and granulocyte^macronhage colony-stim- 
ulating factor (GM-CSF) (1-15). In addition, macrophages 
mediate the fibroproliferativc phase of RA by producing angio- 
genic activity (16, 17). Furthermore, synovial macrophages 
may influence synovial fibroblasts to liberate the cytokines IL- 
6, -8, and GM-CSF, via TNF-a and IL-I, thus creating an 
operative cytokine network in the joint 

The mechanism by which synovial monocytes are recruited 
into synovial tissues and fluids has not been fuDy elucidated. 
Synovial tissue blood vessel endothelial cells express adhesion 
molecules like vascular cell adhesion molecule- 1, which can 
mediate the binding of monocytes to blood vessels ( 1 8, 1 9) . in 
addition, it is likely that chemoattractants released by cells in 
the synovial tissue and fluid recruit mononuclear phagocytes 
into the joint. 

Recently a chemotactic cytokine, termed monocyte che- 
moattractant protein- 1 (MCP-1 ) has been identified (20-23). 
This chemotaxin is expressed by a variety of cell types, includ- 
ing leukocytes, smooth muscle cells, endothelial cells, fibro- 
blasts, epithelial cells, and tumor cell lines (20, 24-32). More- 
over, this cytokine appears to have selective chemotactic activ- 
ity for mononuclear phagocytes. The role of this cytokine in 
the inflamed RA joint has, as yet, not been defined. 

In this study, we demonstrated significantly greater MCP- 1 
levels from synovial fluids of patients with RA as compared 
with osteoarthritis (OA) or other inflammatory and nonin- 
flammatory arthritides. Patients with RA had increased levels 
of MCP-1 in their serum as compared to normal volunteers. 
Furthermore, levels of MCP-1 and another chemotaxin, IL-8, 
were strongly and positively correlated from synovial fluids 
and sera of RA patients.. Isolated RA synovial tissue fibroblasts 
expressed MCP-1 mRNA and protein in response to either 
LPS, IL- 1 0, or TNF-« stimulation. Isolated RA tissue macro- 
phages constitufively expressed both MCP-1 mRNA and anti- 
genic MCP-1. Finally, we identified MCP-1 by immu no histo- 
logy in a significantly greater percentage of RA than OA syno- 
vial tissue macrophages. 



Reagent preparation. Human recombinant IL- iff with a sp act of 30 
U/ng was a gift from The Upjohn Co. (Kalamazoo. Ml). Human 
recombinant TNF-a with a sp act of 22 U/ng was a gift from Genen- 
tech (San Francisco, CA) . Human recombinant MCP- 1 and IL*g were 
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I . Abbreviations used in this paper: GM-CSF, granulocyte macrophage 
colony-stimulating factor; MCP-1, monocyte chemoattractant pro- 
tein- I ; OA, osteoarthritis; TNF-a, tumor nccro " " 
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purchased from Peprotech, Inc. ( Rocky Hill, NJ ). Lipopolysaccharide 
(Escherichia coil 0 1 1 1 ; B4) was obtained from Sigma Chemical Co. 
(St Louis, MO). Polyclonal antihuman 1L-8 and MCP-I were pro- 
duced by immunization of rabbits with recombinant IL-8 or MCP-I 
with CFA. MAb Leu-M5 ( anti-CD 1 Ic, p!50,95, CR4 receptor) detects 
monocytes and macrophages (Beeton Dickinson & Co-, Mountain 
View, CA) as does mAb HAM56 (Enzo Biochcra Inc., New York, 
NY ). MAb FVIII detects Factor VlU-related antigen present on endo- 
thelial cells (Dakopatts, Carpiateria, CA). 

Patient population. Synovial fluids were isolated from patients with 
either RA, OA, or other arthritides during therapeutic amniocentesis. 
Serum specimens were obtained from some of the RA patients as well 
as from healthy volunteers. Synovial tissue was obtained from patients 
undergoing total joint replacements who met the American College of 
Rheumatology criteria for RA or OA ( 32, 33 ) . Normal synovial tissues 
were obtained from fresh autopsies. Synovial tissues from these pa- 
tients were snap frozen in OCT ( Miles Laboratories Inc., Elkhart, IN). 
Alternatively, fresh RA tissues were used for isolation of macrophages 
or fibroblasts (see below). All specimens were obtained with Institu- 
tional Review Board appro vaL Patient demographic information in- 
cluded synovial fluid leukocyte and differential counts. 

flotation of human RA synovia! tissue fibroblasts and macrophages 
and preparation of conditioned media. Fresh synovial tissues were 
minced and digested in a solution of disease, coJlagenase, and DNase, 
as previously described (16-18, 34). Synovial fibroblast cefls were cul- 
tured in RPM1 plus 10% PCS containing I mM gjutamine, 25 mM 
Hepes, 100 U /ml penicillin, 100 ng/mlstreptoroyon(Gibco Laborato- 
ries, Grand Island, NY), and 1% nonessential amino acids (complete 
media) in 7 5 -mm tissue culture flasks (Costar Corp., Cambridge, 
MA). Upon reaching confluence, the cells were passaged by brief tryp- 
sinization as previously described ( 1 6 ). The cells were used at passage 4 
or older, at which time they were a homogenous population of fibroblas- 
tic cells. The cetb were plated at a concentration of 8.8 x JO 4 cells/ well 
in 24- well plates (Costar Corp.) in 1 ml scrum -free RPML Various 
concentrations of 1L-I/J, TNF-a, or LPS in RPMI were added, and 
conditioned media harvested. 

For isolation of synovial tissue macrophages, the tissues were 
minced and digested as described above. The resultant single-cell sus- 
pensions were fractionated into density-denned subpopulations by iso- 
pyknic centrifugation through continuous preformed Percoll gradients 
(Pharmacia Inc., Piscataway, NJ). Macrophages were enriched by ad- 
herence to fibronectin-coated collagen gets and selective trypsinkation 
(incubation with trypsiniEDTA for 5-10 min) ( 1 6, 17, 34, 35 ). Macro- 
phages were harvested from the collagen gels by treatment with clostri- 
dial collagenase and found to be ^ 90% pure, as assessed by F c receptor- 
mediated phagocytosis of IgG opsonized sheep red blood cells, esterase 
staining, and staining with commercial an ti macrophage mAbs ( (6, 
17). For preparation of conditioned medium, freshly isolated macro- 
phages were incubated in DME + gentamicin at 1 X 10* cells/ ml, and 
supernatants collected alter 24 h, 

MCP-J EUSA Antigenic MCP-1 was measured using a modifica- 
tion of a double ligand method as previously described ( 36). In brief, 
96-weH plates (Nunc, Kamstmp, Denmark) were coated with 50 p\f 
well rabbit anti-MCP- 1 ( 3.2 *ig/ral in 0.6 M Nad, 0.26 M HjB0 4 , and 
0.08 N NaOH, pH 9.6) for 16 h at 4°C and then washed in PBS, pH 
7.5, 0.05% Tween-20 (wash buffer). Nonspecific bftufing sites were 
blocked with 2% BS A in PBS ( 200 ul ) , and the plates incubated for 90 
min at 37°C. Plates were rinsed (3x) with wash buffer and diluted 
(neat, 1:5, and 1:10) test sample (50 pi) in duplicate was added, fol- 
lowed by incubation for I h at 37°C Plates were washed (4x ) and 50 
pl/well biotinylated rabbit anti-MCP- 1 (6 /ig/ml in PBS, pH 7.5, 
0.05% Tween-iO, 2% FCS) added for 45 min at 37°C. Plates were 
washed (4x), streptavidin-peroxkJase conjugate ( 100 /ig/ml) (Dako 
patts) added, and the plates were incubated for 30 min at 37 °C The 
plates were washed ( 3x ) and 100 jd chromogen substrate < 0.67 mg/ ml 
orthophenylenediamine dichloride) (Dako patts) added. The plates 
were incubated at 25°C for 6 min, and the reaction terminated with 50 
pit well of 3 M HaSO, solution in wash buffer pins 2% FCS. Plates were 



read at 490 nro in an ELISA reader. Standards were ft log dilutions of 
recombinant MCP-I from 1,000 ng/ml to I pg/ml (50^1 /wdl). The 
EUSA consistently detected MCP-1 concentrations > 0.05 ng/ml. 

ILrS EUSA. Antigenic IL-8 was measured using a modification of 
a double ligand method as previously described using polyclonal anti- 
IL-g ( 1 ). The assay was standardized using human recombinant IL-g. 

Northern Hot analysis. Total cellular RNA was obtained from 2.5 
X 10* macrophages or confluent fibroblasts in 100-mm tissue culture 
dishes using a modification of Chirgwin et al. and Jonas et al. (37-39). 
Briefly, cells were scraped Into a solution containing 25 mM Tris, pH 
8 A 4.2 M guanidine isothiocyanate, 0.5% Sarkosyl, and 0.1 M Z-mcr- 
captoethanol. After homogenization, the suspension was added to a 
solution containing an equal volume of 100 mM Tris, pH 8.0, 10 mM 
EDTA, and 1% SDS- The mixture was then extracted with chloroform - 
phenol and chloroform -isoa my t alcohol. The RNA was alcohol precipi- 
tated and the pellet dissolved in diethyhpyrocarbonate-treated HA 
Total RNA was se p ara ted by Northern analysis using formaldehyde, 
1% agarose gels, transblotted onto nitrocellulose, baked, prehybridized, 
and hybridized with a **P-5' end-labeled oligonucleotide probe. A 30- 
mer oligonucleotide probe was synthesized using the published cDNA 
sequence for human-derived MCP-1 ( 20). The probe was complemen- 
tary to nucleotides 256-285 and had the sequence 5 -TTO-GOT-TTG- 
CTT-GTC<:aO-GTG-GTC-CAT-GG A^3 '. Blots were washed and au- 
toradiograptu were quantitated using laser densitometry (Ultrascan 
XS; LXB Instruments, Inc., Houston, TX). Equivalent amounts of 
total RNA /gel were assessed by monitoring 28s and 18s rRNA. 

Bicassayjbr chemotactic activity Jar monocytes. Chemotaxis of 
monocytes was performed as previously described (24). Normal hu- 
man mononuclear cells were obtained from peripheral Wood by Ficoll- 
Hypaque density gradient centrifugation. Monocytes were suspended 
in HBSS with calcium and magnesium (Gibco Laboratories) at 3 X 10* 
cells/ml with > 95% viability by trypan blue exclusion. In brief, 1 50 p\ 
of synovial fluid or synovial tissue macrophage conditioned medium 
which was diluted 1:1 with HBSS, 10~* M FMLP (Sigma Chemical 
Co.), or HBSS alone were placed in duplicate bottom wells of a btind- 
wtfl chemotaxis chamber. A 5-pin pore size polyvmylpvnolidone-rree 
polycarbonate filter (Nudepore Corp., Pleasamon, CA) was placed in 
the assembly and 250 pi of monocyte suspension placed in each of the 
top wells. Chemotaxis chambers were incubated at 37°C in humidified 
95% air/5% CO, for 2 h. The filters were removed, fixed in absolute 
methanol, and stained with 2% toluidine blue (Sigma Chemical CO.). 
Monocytes that had migrated through to the bottom of the filter were 
counted in 10 high power fields (x 1,000). 

Immwxoperoxidase staining. 4-^m sections of frozen tissues were 
cut, and imraunoperoxidase stained using an avidin-biotin technique 
(Vector Laboratories, Bitrfangame, CA) (34, 40-44). Slides, air dried 
for 2-16 h, were fixed in cold acetone for 20 min. Endogenous peroxi- 
dase activity was quenched by incubating the slides for 30 min in 0.3% 
hydrogen peroxide in methanol. All subsequent incubations were per- 
formed for 15 min at 37°C in a moist chamber. The tissue sections were 
p retreated with 50 *l diluted normal horse serum ( 135 pi horse serum 
in 10 ml 1% PBS-BSA), incubated with either rabbit anti-human 
MCP-1, preimmune rabbit serum, mAb Leu-M5, mAb HAM56, or 
control mAb and washed ( 2x ) . The slides were incubated with a 1 :400 
dilution of anti-mouse biotinylated antibody in PBS-BSA, washed 
(2X) with PBS, incubated with a vidin /biotinylated horseradish perox- 
idase complex, and washed with PBS (2X). Slides were then stained 
with diaminobenzidine tetrahydrochtoride substrate for S min at room 
temperature, rinsed in tap water for 2 min, counterstained with Harris 1 
hematoxylin, and dipped in saturated lithium carbonate solution for 
bluing Serial tissue sections were examined to determine the percent- 
age of each cell type expressing antigenic MCP-I ( 18, 34, 43). 

Cytospin preparations of isolated RA synovial tissue macrophages 
were made using 10 s cells per slide in a cytospin (Shandon I; Shannon 
Inc., SwickJcy, PA). Slides were stained using immunortisiochemistry 
as described above. 

Statistical analysis. Statistical analysis was performed using analy- 
sis of variance (45, 46). P values < 0.05 were considered significant. 
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Fi£vr* /. Antigenic MCP-1 levels in synovial fluid from various 
arthri tides as well as RA and norma) serum. Results represent the 
mcaniSE. Si* replicate determinations per patient were performed, 
N represents the number of patients studied. mr t synovial fluid; m, 




0 I 2 4 I J4 



Tim* (hours) 

Figure 3. Time-dependent generation of synovial fibroblast MCP-I by 
LPS. and IL-10 stimulation. RA fibroblasts (8.8 X 10* cells/ well) 
were cultured in serum -free RPMI for various time periods. Results 
represent the mean±SE from two patient samples. Six replicates of 
each sample were assayed. — • — , LPS(1 fig/ml); — v — , 1U10 
(20 ng/ml); — * — , nontreated. 



Results 

MCP-1 is elevated in both RA synovial fluid and sera. In initial 
experiments, MOM was measured by ELISA using samples 
obtained from 27 patients (Fig. I). The patients with RA had 
the greatest levels of MCP- 1 (mean 2S.5±8.1 ng/ml). OA pa- 
tients as compared with RA patients had significantly less 
MOM in their synovial fluids (0.92±0.08 ng/ml, P < 0.05). 
Patients with other forms of inflammatory and noninflamma- 
tory arthritis including polymyositis. Reiter's syndrome, 
chronic lymphocytic leukemia, and mixed connective tissue 
disease had a mean of 2.9± 1.5 ng/ ml of synovial fluid MCP- 1 . 
which was also significantly less than patients with RA (P 
<0.05). 

To determine whether peripheral blood from patients with 
RA also contained significant quantities of MCP-I compared 
to normal volunteers, serum MCP- 1 levels were determined by 
ELISA using 19 RA samples (Fig. I ). Serum levels of RA 
MCP-1 ranged from < 0.08 ng/ml to 179.2 ng/ml (mean 
22.4±8.9). In contrast normal sera obtained from 10 volun* 
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Figure 2. Positive correlation between scrum antigenic MCP-1 and 
IL4. 



teers contained significantly less MCP-1 (< 0.05 to 0.72 ng/ 
ml) (mean O.I6±0.06, P < 0.05). The high levels of MCP-1 
present in the RA sera were not attributable to rheumatoid 
factor in these samples, since there was no correlation between 
rheumatoid factor positivity (using rabbit IgG) and MCP-1 
levels. 

Positive correlation between synovial fluid and serum 
MCP- 1 and IL-8 levels. Since cells of the synovial milieu might 
concomitantly recruit both monocytes and other inflamma- 
tory leukocytes, we wished to determine whether those patients 
who produced large quantities of MCP-1 also produced large 
quantities of IL-8. EUSA assays were performed on the sera 
and synovial fluids of arthritic patients to determine the quan- 
tities of IL-8 produced. Comparing RA synovial fluid MCP-1 
and IL-8 levels, a significant positive correlation (r = 0.57, P 





Figure 4. (A) Inducible 
RA fibroblast MCP-1 
gene expression. Repre- 
sentative Northern blot 
of RA synovial fibro- 
blasts which were cul- 
tured for 8 h in serum- 
free media with or with- 
out LPS (1 Kg/ml), 
IL-1/? (20 ng/ml), or 
TIMF-or (20 ng/ml). 
MCP- 1 message was ab- 
sent without stimula- 
tion. Ctrl, control un- 
treated fibroblasts. (B) 
Laser densitometry of 
MCP-1 mRNA. (C) 
I8S and 28S rRNA to 
demonstrate equivalent 
loading of RNA in A . 
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< 0.05) was found. Similarly, synovial fluid from other arthri- 
tides contained MCP-1 and IL-8 levels which were also 
strongly positively correlated (r - 0.96, P < 0.05). RA serum 
MCP-1 and IU8 levels were correlated, implying a parallel re- 
lationship between the amounts of chemotactic cytokines re* 
leased specific for differing leukocyte populations in this dis- 
order (Fig. 2, r - 0.67, P < 0.05). 

RA synovial fibroblast production of MCP-i. To ascertain 
whether cellular constituents of the synovial tissue were able to 
produce MCP-I in vitro, isolated cell populations from RA 
synovial tissues were examined. RA fibroblast cells appeared to 
be a homogenous cellular population of cells with elongated 
processes. No rounded cells were present. Moreover, RA fibro- 
blasts were esterase negative, and nonreactive with the antima- 



Figure 5. (A) A representative Northern 
blot showing MCP-1 gene expression 
from freshly isolated RA synovial tissue 
macrophages from two patients. (£) I8S 
and 28S rRNA demonstrating equivalent 
loading of tola! RNA in A. (Q Immuoo 
peroxidase stained cytocentrifuge prepa- 
ration of freshly isolated RA synovial 
macrophages showing MCP-1 antigen ex- 
pression (arrows) (xZ 1 6). 



crophage mAbs Leu-M5 and HAM 56, excluding the presence 
of contaminating macrophages. Cytocentrifijge preparations of 
fibroblasts did not react immunohistochemically with mAb 
FVIII, excluding the presence of contaminating endothelial 
cells. LPS induced fibroblast MCP-1 release at concentrations 
of 100 ng/ml and above. In contrast, as little as 0.02 ng/ml 
IL-10 or TNF-<* induced fibroblast MCP-1 release. Maximal 
stimulatory concentrations of IL-10 and TNF-<* were 0.2 ng/ 
ml and 20 ng/ml, respectively. Time-depcndem.generauon of 
MCP-1 is shown in Rg. 3. LPS-induced fibroblast MCP-1 in- 
creased steadily over 24 h as did 1L- 1 -0 induced MCP- 1 . While 
LPS induced l.62±0.8 ng/ml (SE) MCP-1, 1L-10 induced 
5.7±0.78 ng/ml MCP-1. Nonstimulated fibroblasts released 
0.29±0.7S ng/ml MCP-1. Fibroblast MCP-1 gene expression 
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Table I. Chemotaxis of Monocytes in Response to RA Synovial 
Fluids and RA Synovial Tissue Macrophage Conditioned 
Medium Compared to MCP-1 Protein Levels Determined by 
ELISA Assay 



Mean 

crib/high 

power field 
(X1.000) 



MCP-1 



FMLPU0- 1 M) 

MacrophagjD-conditioned medium 
Patient number 
I 



Synovial fluid 
Patient number 
I 

2 







44 


Not examined 


15 


<0.0S 


17 


2.3 


24 


0.4 


29 


3.1 


19 


7.4 


35 


1.3 


23 


10.7 


52 


1.4 



RA synovial fluids and synovial tissue roacrophage-condhioned me- 
dia were assayed for their ability to induce chemotaxis of monocytes. 
The results represent analysis of 10 high power fields per sample. 
Negative control migration in response to HBSS - mean of five 
cells/high power field. MOM was assayed by ELISA (see Methods). 



was absent in nonstimulated RA fibroblasts, but readily induc- 
ible upon LPS ( 1 »g/ml), (20 ng/ml), or TNF-cr (20 
ng/ml) treatment of cells (Fig. 4). 

RA synovial fluid and macrophage generated monocyte 
chemotactk activity. We then determined whether RA synovial 
fluids and conditioned medium from synovial tissue macro- 
phages produced biologically active chemotactic activity for 
monocytes. ChemotacrJc activity for normal human peripheral 
blood monocytes was detected in the RA synovial fluids exam- 
ined (Table I ) . Conditioned medium from nonstimulated mac- 
rophages obtained from six patients also contained chcrootac- 
tic activity for monocytes. Measurable antigenic MCP-1 
ranged from <0.05 to 7.4 ng/ml in these samples. The 
amounts of chemotactic activity for monocytes and antigenic 
MCP-1 did not correlate, implying the presence of additional 
chemotactic factors for monocytes in the synovial fluids and in 
the RA synovial tissue macrophage supernatants. 

Synovia! tissue macrophage production of MCP-1. To de- 
termine if RA synovial tissue macrophages constitutively ex- 
pressed MCP- 1 , MCP- 1 gene expression was determined using 
isolated RA synovial tissue macrophages (Fig. 5). In contrast 
to RA fibroblasts, RA macrophages did not require exogenous 
stimulation to express MCP-1 mRNA. To confirm macro- 
phage constitutive MCP-1 production, macrophages were 
freshly isolated from the synovial tissues of RA patients, cyto- 
spun, and stained for immunolocalization of MCP-1. Fig. S c 
shows RA synovial tissue macrophage MCP- 1 antigen expres- 
sion. 

Immunohistochemical localization of MCP-1 to RA syno- 
vial tissue macrophages. To immunolocalize the cells responsi- 
ble for MCP-1 production in vivo, we examined synovial tis- 




Pigure 6. Imnumohistocbemical demonstration of MCP- 1 expression 
in synovial tissues. M phage, macrophage; smooth m t vascular smooth 
mmckr, fib, fibroblast: lymph, lymphocyte; and endo % endothelial 
cea smRA(n= 13); SM. OA (n= 11); S3, NL <i>»3). 

sues by immunohistochemistry. Synovial tissues from 27 sub- 
jects were examined for antigenic MCP-1. The results of 
immunolocalization are shown in Figs. 6 and 7. In general, the 
RA synovial tissues had higher inflammatory scores (mean 
2.4+0.2) as compared to either the OA tissues ( mean J .5±0.2) 
or the normal tissues (mean 1.0) ( 18, 44). The specificity of 
anti-MCP- 1 reactivity with tissues was confirmed by the use of 
nonimmune serum as well as preadsorbtion with recombinant 
human MCP-1. The MCP-1 positive cells were located in the 
raacrophage-rich synovial lining layer, in both RA and OA 
synovial tissues. MCP- 1 immunolocalized to a mean of76±6% 
of the RA lining ceils (Fig. 7 A) and 60± 10% of the OA lining 
cells (Fig. 7 B) t but only to 1 ±0.3% of the lining cells found in 
normal synovial tissues (Fig. 7 D) (P < 0.0S for either RA or 
OA compared to normal). RA synovial tissue macrophages 
located in the subsynovial areas also expressed MCP-1, with 
50±8% of macrophages being MCP-1 positive (Fig. 7 C). In 
contrast, only 5±2% of the OA Leu-MS positive macrophages 
were MCP-l positive (P < 0.05) (Fig, 7). Similarly, RA macro- 
phage antigenic MCP-1 expression was significantly greater 
than the expression found in normal synovial tissues (P 
<0.05). 

As compared to the reactivity of the majority of RA macro- 
phages with anti-MCP- 1, MCP-1 expression was found in a 
minority of fibroblasts from both RA (mean of I8±8%) and 
OA (mean of 9±3%). In addition, a small percentage (mean 
9.4±6.3%) of synovial tissue Mood vessel smooth muscle cells 
were MCP-1 poshivc. 

Discussion 

MCP-1 is a 76-amino acid basic protein with selective chemo- 
tactic activity for mononuclear phagocytes (23, 47). MCP-1 
exists in two forms: MCP-1 a, with a mol wt of 13,000, and 
MCP- 1 A with a mol wt of 1 5,000 ( 20, 47 ) . These two forms of 
MCP-1 are functionally identical, differing only by the extent 
of posttranslationaJ modification. MCP-1 belongs to a su- 
pergene family that includes LD78, ACT-2, RANTES, and 
1-309(48). 

The role of MCP-1 in the inflamed RA joint may be the 
recruitment of mononuclear phagocytes. There are a variety of 
chemotactic factors which may attract mononuclear phago- 
cytes in the RA joint. These include thrombin, C5a, platelet 
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activating factor, leukotrienc B 4 , lymph ocytc-dcrivcd chemo- 
tactic factor, and the cytokines transforming growth factor- 
beta. QM-CSF, and platelet-derived growth factor (PDGF) 
(49, SO). In this study, we demonstrated that the cytokine 
MCP-1 may also serve as a potent stimulus for recruitment of 
mononuclear phagocytes in RA. 

We examined synovial fluids from patients with various 
arthrftkte for MCP-!. MCP-1 levels were significantly elevated 
in synovial fluids from patients with RA as compared to OA or 
other arthritides. Moreover, while the serum levels of MCP-1 
were O.I6±0.06 ng/ml from normal subjects. MCP-1 RA 
serum levels were significantly increased (22.4±8.9 njt/mL P 
<0.05). 

The process of synovial inflammation likely results from 
the influx of a series of inflammatory cells that release a cascade 
of inflammatory mediators. We reasoned that synovial fluids 
and sera containing chemotactic factors for mononuclear 
phagocytes such as MCP- 1 might also con tain chemotactic fac- 
tors for neutrophils and lymphocytes. Indeed, we found a 
strong positive correlation between MCP-1 and IL-8 in both 
synovial fluid and serum of patients with RA. These results 
suggested that the same factors which might upregulate prod ur> 
oon of MCP-1 also influence the production of IL-8 (I). 
Hence, we examined whether RA fibroblasts produced MCP-1 
in response to the same agonists which unregulated production 
of synovial fibroblast 11^8. As described by DcMarco et al M 
who showed that RA synovial fibroblasts expressed MCP-1 
mRNA in response to XL- 1 and TNF-a, we demonstrated that 
RA fibroblasts respond to these signals as well as to LPS and 
produce both MCP- 1 mRNA and protein (51). While RA fi- 
broblasts spontaneously produced either nondetectabie or low 
levels of MCP-1, TNF-a, or IL-lft and to a lesser extent LPS 
induced increased levels of fibroblast MCP- 1 . These same stim- 
uli serve as inducing agents for RA fibroblast ILrS production. 
It is likely that in the inflamed RA synovium, macrophages 
produce IL-I and TNF-a, both of which act on synovial fibro- 
blasts to stimulate release of IL-8 and MCP-1, which in turn 
selectively recruit neutrophils, lymphocytes, and mononuclear 
phagocytes into the joint 

While MCP- 1 may be produced by a variety of cells such as 
blood mononuclear cells, endothelial cells, smooth muscle 
cells, fibroblasts, epithelial cells, and tumor cell lines, we have 
identified the synovial tissue macrophage as a major cell pro- 
ducing MCP-1 within the RA joint Macrophages isolated from 
RA synovial tissues produced MCP- 1 mRNA, antigenic MCP- 
I, and biologically active chemotactic activity for peripheral 
blood monocytes. In addition, we immunolocalized MCP-1 to 
isolated RA synovial tissue macrophages. RA macrophages 
constitutively produce MCP- 1 in greater numbers as compared 
to either OA or normal synovial tissue macrophages. Interest- 
ingly, normal human peripheral blood monocytes or alveolar 
macrophages do not express MCP-1 mRNA either constitu- 
tively or when stimulated with LPS (52). Perhaps, in the in- 
flamed synovial milieu the synovial macrophage assumes a phe- 
notype of chronic activation with subsequent inflammatory 
cytokine release. Indeed, MCP-1 has been shown to "activate" 
monocytes, causing cytostatic activity against tumor cell lines, 
stimulation of the leukocyte respiratory burst, and lysosomal 
enzyme release ( 2 3, 47 ) . It may be that MCP- 1 itself may func- 
tion to activate newly recruited mononuclear phagocytes, 
hence perpetuating the inflammatory response in the RA syno- 
vial tissue. 



In summary, synovial fluids from RA patients contain sig- 
nificantly more MCP-1 than fluids from OA patients or pa- 
tients with other arthritides. RA serum MCP-1 levels were sig- 
nificantly elevated compared to normal serum MCP levels. 
There was a strong positive correlation between RA synovial 
fluid or serum levels of MCP-1 and IL-8. ImmunohistologicaJ 
examination revealed that a significantly greater proportion of 
RA than OA or normal macrophages e x pre sse d antigenic 
MCP-1. RA synovial fibroblasts were induced to produce 
MCP-1 mRNA and protein by IL-i/3, TNF-a, or to a lesser 
degree LPS. RA macrophages constitutively produced MCP-1 
mRNA and protein. These results may help elucidate the mech- 
anism by which mononuclear phagocytes enter both the syno- 
vium and synovial fluid in RA. 
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